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ABSTRACT
Erosion and Trail Building: A Case Study of the
East Tennessee State University Trail System
by
Joshua Callahan
Natural and accelerated erosion from trail users affects
the sustainability of trail systems.

Designing and

building sustainable trail systems will greatly decrease
the effect that erosion has on a trail.

Trails that allow

multiple types of users, such as hiking and mountain
biking, must be able to sustain both groups.

At East

Tennessee State University the trail system was originally
designed for hiking.

Mountain bikers have become the main

user group on the trail system leading to erosion problems
on certain areas of the trail due to trail design flaws.
The study seeks to identify the problem areas of trail and
make recommendations towards correcting the trail in order
for the trail system to adequately sustain both hikers and
mountain bikers on the East Tennessee State University
trail system.
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CHAPTER 1
INTRODUCTION
“IMBA Rules of the Trail”
1. Ride on open trails only
2. Leave no trace
3. Control your bicycle
4. Always yield trail
5. Never Scare Animals
6. Plan Ahead
(International Mountain Bike Association)

When people bring up topics about erosion, they are
usually focused on aspects that broadly affect a community.
These would include, for example, chronic shoreline or
stream bank erosion in coastal and stream settings where
homes and personal property are threatened. These reflect
the outcome of erosion as a natural hazard.

However, as

more land is being used for recreational purposes, whether
it is privately or publicly owned, these activities cause
or accelerate erosion.

Outdoor sports such as hiking,

horseback riding, off-road motorcycling, and off-road
cycling, coined “mountain biking”, have been on the rise in
popularity since the 1970s.

The tremendous increase in

outdoor recreation during the past 2 decades has created
crowded conditions and increased environmental impact in
national forests, parks, and other recreational areas
(Hammit & Cole, 1998; McQuaid-Cook, 1978).
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Wilson and

Seney (1994) state that increased trail use has also raised
the level of erosion that is taking place on trails.
Studies have been conducted on the impacts of hikers,
horseback riders, and off-road motorcyclists (i.e. Smith,
1970, Johnson, 1980…just list a few examples); however, few
have focused on the impact of mountain bikers on trails.
When building a trail, the surface layers (e.g.
vegetation and underlying topsoil) are removed because this
layer, which is typically comprised of mostly organic
matter, causes the ground to feel soft when treading over
it and may also collect water causing muddy areas in the
trail (IMBA, 2001).

In removing the organic matter, barren

earth is exposed, which can cause weathering and erosion of
the trail with subsequent wind, water, and recreational
use.

Erosion is defined by the United States Geological

Survey (USGS, 2008) as the process where materials of the
earth’s crust are loosened, dissolved, and worn and at the
same time moved from one area to another.

Erosion is one

of the most important processes of geology when looking at
the sustainability of a trail.

Concerning a study of

erosion along mountain bike trails, one would focus on a
localized area of the land.

The trail itself erodes at a

different rate than the outside area because of the exposed
earth.

7

Erosion is also one of the biggest factors in
shortening the life of a trail.

Many times the trail

erodes faster than it should whether it is from poor
planning or abuse from inconsiderate users. Most publicly
owned trails located in National and State parks have to be
built under strict guidelines.

Proposals have to go before

a committee to decide whether a new trail would be
warranted.

Once approved, the future trail location would

then be flagged (marked to show the trail’s route).

Again,

the path would be evaluated and then approved. Only then
would the trail go into construction.

On private land

there are generally no guidelines, and trails are built
with little or no planning in an effort to put the trail in
place as quickly as possible without regard to effects the
trail will have on the landscape.

In my opinion, the

biggest factor of a privately owned trail is how long the
trail will last.
Along with erosion caused by weathering on trails, one
of the major factors of erosion on a trail is the users
themselves.

However, hikers, horseback riders, off-road

motorcyclists, and mountain bikers all have different
impacts on a trail.

Therefore, when building a new trail

the builders should ask themselves: “Who is going to be
using this trail?”

If a trail is only going to be used by
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hikers and mountain bikers, different strategies should be
employed to get the most use and the least amount of impact
on the land itself.
Currently, there are no national rules governing the
use and construction of mountain bike trails.

Each state

has its own guidelines; however, there are not set rules
that have to be strictly followed.

In an interview with

Robert Richards, the greenway and trails coordinator of
Tennessee, he stated that state guidelines are located in
the Pathways to Trail Building Handbook.

However, after

interviews with local rangers from the Ocoee Olympic
Center, it is clear that state government does little in
the way of trail maintenance, which is ultimately deferred
to the International Mountain Bike Association and its
trail crew when building new trails or maintaining existing
trails in Tennessee.

On September 3rd, 1964, the United

States government passed the Wilderness Act that forbids
anything mechanized from entering a wilderness area.

The

original text states under the prohibition of certain uses,
“Except as specifically provided for in this Act, and
subject to existing private rights, there shall be no
commercial enterprise and no permanent road within any
wilderness area designated by this Act and, except as
necessary to meet minimum requirements for the
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administration of the area for the purpose of this Act
(including measures required in emergencies involving
the health and safety of persons within the area),
there shall be no temporary road, no use of motor
vehicles, motorized equipment or motorboats, no
landing of aircraft, no other form of mechanical
transport, and no structure or installation within any
such area.” (Wilderness Act, 1964 Section C)
Many feel that the law does not pertain to mountain bikes
essentially because mountain bikes were not in existence
when the Wilderness Act was decreed.

The Act was set to

prevent motorized vehicles from entering the land, while
leaving the land open to the enjoyment of hikers.

Under

the current terms of the act it can be interpreted that
wheelchairs would be prohibited along with spring loaded
hiking poles and fishing rods.

The permission of

wheelchairs and spring loaded hiking poles gives an
argument for bicycle access to the wilderness areas because
many in the Mountain Bike community feel that a bike is
more lie a wheelchair and hiking pole than a motorcycle.
A group that has become the leading advocate for
mountain bikers and trails is the International Mountain
Bicycling Association (IMBA).

IMBA was formed in 1988 as a

result of closures of trails in California.
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IMBA’s mission

is to protect, create, and enhance the quality of trail
experiences for mountain bikers worldwide.

They work

closely with the U.S. Forest Service, Bureau of Land
Management, National Park Service, Parks Canada, and the
U.K. Forestry Commission.
Along with natural erosion, mountain bike trails have
to address erosion caused by the bicycle itself, which has
long been the stance from environmental associations.
According to Wilson and Seney (1994), when a trail suited
for a bicycle is built, the bicycle can have less of an
erosion impact than a hiker or horseback rider.

Perhaps

the solution is to educate trail builders and to better
maintain the trails so users will have as little impact as
possible on the land.
East Tennessee State University (ETSU) has a mountain
bike trail system on its campus that is approximately four
and one half miles long.

The trail was originally used as

a cross training trail with different stops along the way
where a jogger could exercise in place (e.g. do push-ups,
pull-ups, or sit ups).

With the popularity of mountain

biking, a cycling club was formed and the cross training
trails were converted to mountain bike trails. A connecting
trail was made behind Buccaneer Village to make a more
traditional loop.

Because a majority of the trails were
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originally jogging trails meant for pedestrian use,
mountain bikers have caused new problems with erosion, and
the life of the trails is in question.

Statement of the Problem
Soil erosion is the biggest factor in the longevity of
a trail system.

Many trail systems are built just to

produce a new alternative in the grades and routing of the
trail system. Unfortunately, the person or the group
involved in the decision-making about construction of a new
trail or trails often has little planning experience. They
don’t consider exactly who is going to be using the trail
system and this can lead to problems where the trail design
does not meet the demands of the specific users such as
mountain bikers.

Moreover, the people in charge of

planning often lack technical knowledge about what types of
engineering go into the design of a good trail- one that
meets the demands of the user while minimizing erosion and
other adverse effects on the environment such as
interference with natural scenery, lay of the land, or
wildlife.

If a trail system is designated for hiking and

cycling, then the system should be designed and built in a
way that will accommodate both users of the system.
ETSU trail system was originally built with only the
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The

consideration of hiking and jogging.

The system was then

modified by removing exercise stations and rerouting areas
to allow biking on the trail. However, many sections of
trail are not built for such multiuse.

Some of the erosion

problems that occur are:
1.

trail widening- gradual widening of a trail due to
natural and user causes.

2.

interception of water- water being redirected down
trail away from its natural path.

3.

vegetation degradation

4.

trail rerouting

5.

slip

With these problems in mind this project has two
objectives. First is to identify the areas with erosion
damage as a result of trail design, and second is to
determine the best course of action to correct the problem
in each section of trail.

Goal and Objectives
The goal of this project is to improve the quality of
recreational use of the ETSU campus walking and biking
trail through state of the art trail construction design
and maintenance, while minimizing adverse effects on the
environment.

In order to provide a sustainable trail
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system for ETSU, key problem areas need to be identified
and addressed.

Therefore, my project has two objectives.

First is to identify the areas with erosion damage as a
result of trail design, and second is to determine the best
course of action to correct the problem in each section of
trail.

To accomplish these objectives, I will evaluate the

development of other trail systems in East Tennessee that
are under government guidelines or have been instituted by
the International Mountain Bike Association.

Specifically,

I will:
1.

Look at the results of incorrect trail building.

2.

Determine effects of abusive riders.

3.

Determine what defines certain user trails such as
hiking, horseback riding, mountain biking, and
off-highway vehicles (OHV).

Significance of the Research
The significance of this research lies in the reduced
physical, environmental, and geologic damages that erosion
will bring as a result of improper design, construction,
and maintenance of a trail system.

A correctly designed

and constructed system will take less effort and expenses
to maintain.

Therefore, this research will help educate

current trail builders on how to build and manage a
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sustainable trail system.

Furthermore, it will improve the

current trail system at ETSU by implementing strategies to
increase the longevity of its trail system (probably the
greatest benefit of this research).

Increasing population

growth everywhere contributes to increased pressure on land
that can be used for recreational use, leading to high
overuse of existing lands.

This demands that existing

systems be designed and constructed to withstand high
impact use with minimal maintenance because maintenance can
add unexpected costs to the long-term costs of financing
recreational land use.

A trail should be able to sustain

itself.

Scope and Limitations
This study has been limited to a descriptive survey of
the ETSU trail system and has omitted the dual slalom
course on this trail system because the course adheres to a
different set of rules in regards to its construction and
maintenance.

A dual slalom track is built like a motocross

course which is reconstructed every 6 months and is over 20
feet wide.

This would not be considered a trail.

Special

attention will be given to any recommendations and-or
interpretations for dealing with soil erosion on trail
systems.
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Another limitation would be that the study is only
focusing on trails in East Tennessee.

The study focuses on

the government level, while trying to apply the rules to
the local level at ETSU.

By combining the two levels, the

implementation of the strategies can be achieved.
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CHAPTER 2
LITERATURE REVIEW

When building a new trail or handling maintenance on
an existing trail, the trail builder should understand who
is going to be using the trail and how much use will the
trail see.

If a trail is undergoing maintenance, the

builder should try and determine what stage of life the
trail is in.

Spencer (1977) describes the four stages of

trail erosion, which were derived by Ketchledge and Leonard
(1970) while working in the Adirondack Mountains.
Stage 1:

Vegetation on the forest floor dead and
surface litter being washed out.

Stage 2:

Tree roots exposed and surrounding soil
layers disappearing.

Stage 3:

Unprotected lower soil level below tree
roots exposed and eroding.

Stage 4:

Soil mantle gone and bedrock exposed;
subsequent erosion lateral into bank.

Although these stages were designed for hiking and
horseback riding trails, they are still applicable to the
mountain bike trails at ETSU.
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Who is Using the Trail?
Each type of user has different erosional
implications.

According to Wilson and Seney (1994)

different users require different building methods of a
trail.

A horse impacts a trail differently than a hiker,

biker, or even a motorcyclist. Wilson and Seney concluded
that horses produce more sediment for erosion than hikers,
bikers, and motorcyclists.

McQuaid-Cook (1977) states that

the recreational impact is beginning to create extensive
damage to fragile ecosystems, soils horizons, steep slopes,
drainage, and, important from the tourists’ point of view,
aesthetics.

Aesthetics and exercise are two reasons why

people enjoy trails.

If trail builders and designers

concentrate on the erosion factors of each type of user,
the trail can become sustainable.

Horses, hikers,

bicycles, and motorcycles yield different erosion patterns,
and trails should be addressed according to their intended
users.

Thurstan and Reader (2001) stated that there was no

significant difference between the vegetative impact of
hikers and mountain bikers.

However, Wilson and Seney

(1994) state that a trail can be developed for horses,
hikers, mountain bikers, and motorcyclist in order to
reduce the amount of sediment made available for erosion by
these users.

Wilson and Seney give a solution by building
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trails that are intended to be used by horses and hikers to
have steeper climbs than descents, which will decrease the
amount of sediment moved on a descent, and for trails
intended for motorcycles and mountain bikes to have steeper
descents than climbs, which will decrease the amount of
sediment moved from a spinning tire (Wilson & Seney).
Tailoring a trail to a user is a good idea, but a problem
occurs when the trails are instituted as multiuse trails.
How can a trail be made to adequately handle multiple types
of users and still be considered a sustainable trail?
The width of a trail is the first thing that is easy
to recognize determining the user of a certain trail.

A

trail’s standard width for foot and horse traffic tends to
be about 120cm or 4 ft (Bratton, 1979)

Bratton’s study was

done before mountain biking became popular; however, today
many cycling trails are dual purpose trails with horseback
riding and hiking, which would put them in the 120cm
category. Anything wider than 120cm would be classified as
a jeep road (Bratton).

Motorcycles would fall under this

trail building guideline.

Trail guidelines for the width

are determined by the amount of trail tread and corridor
needed to allow for the user.

Multi-directional trails

would require an increase in trail tread and trail corridor
(Richards, 2007)
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Trail Factors
Unsurfaced trails (i.e., trails not layered gravel,
concrete, etc.) are susceptible to a variety of impacts.
In a study in the Guadalupe Mountains, Fish (1981)
concludes that there is a definite impact on the erosion
and deposition phenomena associated with a category of
trail designated “major trails and roads”.

Trails, no

matter how well they are built, are going to have some form
of erosion associated with them.

The most common impacts

on a trail are vegetation loss and compositional changes,
soil compaction, erosion, muddiness, exposure of tree
roots, trail widening, and proliferation of visitor-created
side trails (Marion, 2006).

Marion defined the ecological

and social effects from the most common forms of impact on
page 4.
1. Soil Erosion: Soil and nutrient loss, water
turbidity/sedimentation, alteration of water
runoff, most permanent impact.

Increased travel

difficulty and decreased aesthetics, safety,
Increased restoration costs.
2. Exposed Roots: Root damage, reduced tree health,
intolerance to drought.
safety.
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Degraded aesthetics,

3. Secondary Treads: Vegetation loss, exposed soil.
Degraded aesthetics.
4. Wet Soil: Prone to soil puddling, increased water
runoff.

Increased travel difficulty, degrade

aesthetics.
5. Running Water: Accelerated erosion rates.
Increased travel difficulty.
6. Widening: Vegetation loss, soil exposure.

Degraded

aesthetics.
7. Visitor-Created Trails: Vegetation loss, wildlife
habitat fragmentation.

Evidence of human

disturbance, degraded aesthetics. (Marion, 2006, p.
4)
Trampling is a common erosion factor that can be
associated with hiking and mountain biking and causes
compaction of the soil and decreases the vegetation around
the trail.

McQuaid-Cook (1978) states that heavy

recreational use of any area also results in a decrease of
vegetation on and alongside a trail because of killing by
crushing as well as the increase in soil compaction.
Crushing as a result of trampling can kill adjacent
vegetation leaving the underlying earth susceptible to
erosion.

Pedestrians, as a result of trampling, increase

soil density and decrease pore space that also causes
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leveling of the pathway (Mcquaid-Cook).
caused by horseback riding.

Trampling is also

Walking and trampling lower

the foot path that can cause root exposure that can damage
trees located just off the trail (Pelfini & Santilli,
2006).
Excessive muddiness renders trails less usable and
aggravates tread widening and associated vegetation loss as
visitors seek to circumvent mud-holes and wet soils
(Marion, 1994). Muddiness is commonly the result of a trail
collecting and holding water.

Muddiness can occur in a

depressed area of the trail, or the soil composition may
allow for more water absorption than surrounding areas.
These areas can become problematic because many times the
trail user does not want to walk or ride through the muddy
area.

This can cause another problematic impact, trail

widening (Marion, 2006).
Trail widening is a problem because it increases the
width of a trail thus opening more area to erosion in
addition to increasing the impact on surrounding wildlife,
vegetation, and organisms (Marion, 2006).

Widening is

commonly influenced by use behavior (Hammitt & Cole, 1998).
According to Rajala (1995), trail widening will naturally
occur through regular use and overuse of a trail system.
Widening often occurs at the top of a hill as rider
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momentum wears off and bikes weave and twist to stay up
(Rajala).

Other points in a trail where widening would be

a problem are where the trail has deteriorated and there is
not a solid or smooth path for a rider or hiker to follow.
Many times riders or hikers will form a new route on
surrounding areas of the trail searching for a smooth
surface.

As a result, this widening tends to continue

until very wide eroded trail corridors are created
(Rajala).

Widening may also occur to shorten a route.

Many hikers and bikers will take the shortest distance up
or down a trail creating alternate paths.

Many times this

factor can be eliminated from a trail system if proper
trail maintenance is instilled and users stick to the
appropriate paths.
Ruts and trenches are deep incisions in the trail that
are associated with trail use.

Ruts and trenches can be

caused by repeated use, running water, or abuse and
contribute to trail widening.

A common abuse to a trail by

mountain bikers is skidding or sliding the rear tire.

An

abusive rider will skid the tire by only using the rear
brake to stop while slowing down on a steep incline.

After

numerous abusive riders, an incision in the trail can
occur.

Ruts and trenches due to unskilled or abusive

riders can be avoided if cyclists use proper braking (using
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both the front and rear brake to slow down).

Also, trail

builders should be aware of who is riding the trails and
decrease the incline and decline of a trail that is
intended for inexperienced riders.

When hiking, descending

can cause erosion due to hikers putting more weight on
their heels causing the boot to dig into the ground (Wilson
& Seney, 1994).
Precipitation and bike tires are the two factors most
responsible for soil displacement (Rajala, 1995).
water is another main factor.

Moving

Once soil is dislodged,

moving water carries the sediment load down the hill or off
the trail (Rajala).

If water is intercepted by a trail, it

must be diverted as soon as possible in order to prevent
accelerated soil erosion. If trails are located within
forests, their influence on sedimentation may be small
because runoff will be buffered by down slope vegetation
(Sidle et al. 2006).

The surrounding vegetation will help

to limit the amount of water that could be intercepted by
the trail.

We mainly see trenches in trail systems on

steep inclines because water is able to move down slope at
a rapid rate increasing the ability it has to cut into the
soil.
Roads and trails modify site hydrology by decreasing
the hydraulic conductivity and infiltration capacity of the
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traveling surface redirecting incoming rainfall and water
as Hortonian overland flow and concentrating this runoff
into various parts of the catchment (Sidle et al., 2006).
If the restricting layer is exposed at the road cut, a
greater proportion of the subsurface flow will be
intercepted by the road in contrast to when the restricting
layer is below the road cut (Sidle et al.).

Water

interception problems can be helped by drainage outlets,
but if drainage outlets are poorly located, the outlets can
produce problems of their own.

Many times drainage outlets

are poorly located causing problems just off the trail.
Diverted water needs to have somewhere to go once it has
made its way off the trail.

At the site of drainage

outlets, the sediment and debris can back up, causing
increased chance of landslides.

Many times the causes of

landslides on trails are the result of slope undercutting.
This can cause an overload on the slope causing the
sediment to give way and a landslide to occur.

Trail Fortifications
Trails will erode even without use, but there are ways
of engineering trails in order to keep them usable.

Many

people will just line the trail with logs and rocks in
order to stabilize the trail.

A problem with logs as a
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stabilization is that they decompose so they are not a
permanent solution.

Also, many times there are not enough

rocks to fully line a trail because large rocks are
generally hard to find near a trail corridor and can be
difficult to transport to the section of trail where the
rocks are needed.

One of the most common forms of trail

building is the full bench cut.

A full bench cut helps to

solve problems that are usually remedied by placing logs on
the side of the trail to catch the sediment.

A correct

full bench cut allows water to flow across the trail
instead of down the trail.

This will limit the number of

drainage areas needed to divert water.
cut must be instituted properly.

However, the bench

The back cut must be

angled and not cut at a 90 degree angle or water will not
flow across the trail but will flow down the trail,
creating erosion problems.

Also, the bench cut would erode

causing stabilizations problems on the back slope that
could eventually cause landslides or a slump into the
trail.
An area that needs to be avoided is the trail fall
line, which is the shortest distance down the hill or the
direction water would naturally flow down a slope (Marion,
2006).

In order to keep trails from following the fall

line, switchbacks are employed.
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Switchbacks are 180 degree

turns that lower the steepness of a descent and should be
instituted at a 5%-10% grade (Reiter, 2001).

The turn

should be made as level as possible with the descent coming
after the turn has been made to keep the descent off the
fall line.

The down slope section of the turn should be

built up to near level that would require a wall.
According to IMBA standards, the slope of the hill should
be divided by the slope of the trail.

If the slope is 40%

and the trail fluctuates from 8% to 10% the wall should be
built 4 to 5 feet high.

The percent slope of the hillside

is divided by the percent slope to the trail to achieve the
crib wall height (Felton, 2004).

A crib wall is a

structure built to support a level trail on a sloping
hillside.

A common turning radius for a hiking or mountain

bike trail is eight feet (Felton).
Another common trail fortifier is the water bar, which
is a type of drainage system that uses the trail’s natural
rolls and dips to remove water from the trail (Felton,
2004).

Water bars work much better than trenches, dams,

and other structural water drainage systems because they do
not impede the trail.

With trenches and dams riders will

tend to ride around or attempt to avoid them because they
are difficult to maneuver across, which can increase trail
widening.

Water diversions should always be in a straight

27

section of trail and never in a turn.

Water should be

allowed to sheet instead of channel by producing a wide
drainage area.

A rolling dip is instituted with a 10%-20%

grade; however, it should be at a natural flow.

The water

should flow naturally and not be forced off the trail.

As

users come up on the water bar on a trail they can not tell
that it is a water diversion structure so they stay on the
trail rather than trying to circumvent it (Felton).
Natural and manmade devices can be used to help
stabilize an otherwise unstable trail.

Burlap mats are a

frequently used structure that can help with soil
stabilization.

Mats can be placed on steep trails in order

to hold sediment in place.

However, burlap mats should not

be relied on to subsidize incorrectly built trails.

A way

to combat muddiness is to armor the muddied section of
trail with rocks.
last resort.

Again, armoring should only be used as a

Some trails do not have soil stabile enough

or the region has above average rain fall so natural or
manmade stabilization may be needed in order to stabilize
the trail.
Raised or ladder trail systems are built almost
entirely suspended above the ground.

Ladder trail systems

have become popular in the Vancouver, Canada area because
of the soil conditions.

Ladders were originally made to
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make trails more difficult or exciting, but many
organizations are using the idea to combat erosion
problems.

All of these ideas are good alternatives, but

correct and sustainable trail building is always the best
choice.
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CHAPTER 3
METHODOLOGY
Soil erosion due to use and improper management of
trails at East Tennessee State University (ETSU) is a
critical concern for the longevity of the recreational
trail system.

In considering the adverse effects of soil

erosion and sedimentation from the use and management of
the trail system at ETSU, this research was based on the
premise that having a program or following guidelines that
are set by the federal forest service or the International
Mountain Bike Association would reduce the adverse effects
that erosion and sedimentation have on the longevity of the
trail system.
In order to assure adequate sustainability and
longevity of the ETSU trail system and to protect the land,
the major objective of this study was to identify the soil
erosion and sedimentation problem areas on the current
trail system and to develop recommendations to ensure the
trail’s longevity and sustainability.

A minor objective

was to look at the aspects of negative trail building such
as building on the fall line and routing a trail over steep
grades.

Characteristics of negative trail building need to

be addressed in order to highlight positive aspects.

A

second minor objective was to investigate users that cause
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negative effects on the trail.

These users, whether hikers

or bikers, can, ultimately, close a trail system that would
otherwise continue to be a productive trail.

Research Design
This study represents a descriptive evaluation of
existing data on the existing trail guidelines, geography,
and geology of the area.

Although there has not been a

descriptive study on the ETSU trail system, it is feasible
to use the existing data from other trail systems to make
recommendations for a sustainable trail system.
are presented in Chapter 4.

The data

In order to achieve the major

objective of the study the author developed recommendations
to combat soil erosion and sedimentation on the ETSU trail
system, making it sustainable. This is discussed in Chapter
5.

Data Collection and Analysis
Because the geologic and geographic factors are
relatively constant, these factors are discussed first.
wanted to determine the actual areas of concern for the

I

ETSU trail system.

I wanted to know which sections of

trail actually had erosion problems due to improper trail
construction.

I also compared the data with other local
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trail systems, focusing on the Brush Creek trail system and
the Tanasi Trail system to see how the ETSU trail system
compared.
Additionally, I wanted to know who is using the trail
system at ETSU.

So I observed users at different times to

figure out when and how people are actually using the
trails at ETSU.

Because erosion is the main factor in

trail life, I wanted to determine what trail factors led to
quicker erosion.

My basis for the categories was derived

from the four stages of trail life discussed in Chapter 2
by Spencer (1977).

For the correlation I used the software

package SPSS 16.0 to perform independent correlation and
principal component analysis.
The next step was to examine what remedies have been
applied to the local trail systems in order to combat
erosion, and the effect that sedimentation had on the trail
system.

Next, I examined the effect that certain trail

users had on the trail itself.

The final step in this

descriptive analysis was to develop recommendations to
improve the sustainability of the problem areas in regard
to soil erosion and sedimentation on the ETSU trail system.
This effort consists of identifying the problems, analyzing
the situation, establishing what needs to be done,
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developing remedies for the problems, and showing how it
can be done.

Methodological Assumptions and Weaknesses
The limitations of this descriptive analysis were:
1. Adequacy and appropriateness of the data evaluated;
2. Availability of existing records;
3. A majority of the data used were compiled for other
research ideas;
4. Time frame the study must be completed in;
5. Some data are random in nature and may not always give
repeatable numbers;
6. The data that are descriptive are being used to make a
recommendation for proposed actions that are related
but are not always the same;
7. It is assumed that existing guidelines by the
International Mountain Bike Association and the
Tennessee State Park office are adequate in resolving
erosion problems on the ETSU trail system.
8. It is assumed that experiences in the regional area
are applicable to the ETSU trail system.
9. It is assumed that sections of the trail analyzed in
this study are independent due to the distance between
observations.
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CHAPTER 4
FINDINGS

Geographic Location
The geographic location of the trail system is
important because factors influencing sustainability of the
trail system and the amount of erosion that can be induced
by trail construction depend on it.
is located on the ETSU campus.

The ETSU trail system

The trail system is

separated by Southwest Avenue in two sections.

A person

enters the trail behind the student radio station and
ventures on behind Buccaneer Ridge, then crossing Southwest
Avenue weaving around the water tower and finishing behind
the Culp Center (Figure 1).

The map shown in Figure 1

shows the ETSU downhill and slalom courses.

However, for

this study I am only concerned with the ETSU single track
trail.

The trail is rolling but has no sustained climbs or

descents.

Total mileage of the trail is approximately 5

miles with the cross country loop consisting of 4.5 miles.
The campus of ETSU is located in Johnson City,
Washington County in the northeast corner of Tennessee.
Washington County is approximately 20 miles from the border
with the state of Virginia.

Washington County is
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surrounded by Unicoi, Carter, Sullivan, Hawkins, and Greene
counties with the Blue Ridge Mountains just to the East.
Johnson City is located at an elevation of 1634 feet.
Soil types remain important in trail building because
different soil types react differently to erosive forces.
Soil types, sandy, loamy, and clay, are classified by
texture rather than composition in trail building (Reiter,
2001).

The two soil textures found on the campus trail

system are loamy and clay, which will make the trail
moldable and durable (Reiter).
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Figure 1. ETSU Trail System

Rules and Regulations
The Tennessee Department of Environment and
Conservation’s (TDEC) (2007) definitions of a sustainable
trail located on page 10 of Pathways to Trail Building are:
•

Supports current and future use with minimal
impact to the area’s natural systems.
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•

Produces negligible soil loss or movement while
allowing vegetation to inhabit the area.

•

Recognizes that pruning or removal of certain
plants may be necessary for proper trail
construction or maintenance.

•

Does not adversely affect area’s wildlife.

•

Accommodates existing use while allowing only
appropriate future use.

•

Requires little rerouting and minimal trail
maintenance. (Richards, 2007, p. 10)

The trail corridor is the cleared tunnel through the
woods that allows the user to move through the woods
unobstructed, and the trail tread is the portion of the
trail at ground level as defined by the TDEC (Richards,
2007).

These two differ in that the corridor is the whole

area of the trail and the tread refers to area of the trail
that is being walked or ridden upon and is usually exposed
earth.

Mountain bike trails follow the same rules as

hiking and back country trails.

In the state of Tennessee,

mountain bike trails are usually built as single track.
The trail corridor will be 6 foot wide by 8 foot tall.
Trail tread is to be constructed at 24 inches wide then
after use the tread will naturally reduce to 18 inches.
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These measurements will be widened if a trail is open to
multiuse or multidirectional use.

The user must have a

sightline 30-40 feet down the trail in order to prevent
accidents between users going in opposite directions and
also so a mountain biker does not intercept a hiker.

This

is a hazardous condition considering the speed differential
of these two.
TDEC has sets of rules regarding the slope of the
trail.

If building on a level area, there is no side hill

construction necessary.

The builder needs to rake the

debris two feet wide and remove rocks and vines and fill in
dips or holes.

There should be an outward slope of the

trail of 2%-5% in order to remove water from the trail.
When building on a sloped area, side hill construction is
necessary.

Side hill construction keeps the trail from

following the fall line.

Trails that follow the slope

channel water down the trail and increase erosion compared
to trails running across the slope (Bratton et al., 1979).
This process will level out the area and form the trail
into the hillside.

When producing the side hill

construction, there should be two cuts.

The initial cut is

formed straight down at a 90 degree angle, which will form
the level surface.

After this process is completed, the
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back slope should have another cut at a 60 degree angle to
the slope.
When building on steeper slopes, the initial cut
should be deeper; however, the same process should be
followed as with the side hill construction.

When

implementing side hill construction avoid digging holes and
do not build the trail parallel to the side hill.

This is

a common problem on the ETSU trail system and is discussed
later in this chapter.

Trail Users
Who will be using the trail and who should be allowed
to use it are important to consider when deciding how to
build a trail.

This section looks at similar studies to

better show the relationship between soil degradation and
the user.

Sack et al. (2003) used a section of Ohio in the

study of impacts on soil aggradation and degradation by
measuring the soil elevations on a 60 m section on
different trail systems.

The study analyzed the effects of

hikers, horses, and off-road vehicles.

The results of the

study showed that off-road vehicles produced the most soil
movement, often lowering the sediment level in one area and
moving it to another.

In terms of compaction, horses

showed greater compaction than motorcycles, and hiking
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showing the least amount of compaction (Sack et al.).

Few

reports include mountain bikes; however, Wilson and Seney
(1994) include mountain biking in their comparison study.
The study also looked at other conditions wherein steep
slopes were positively associated with sediment yield.
Wilson and Seney show that at a 0.005 significance level
that hikers and mountain bikers are not statistically
different from each other on the sample plot tested.
Horses yielded the most sediment on the plot; however,
motorcycles yield positive and negative sediment.
similar to the Sack et al. study.

This is

The sediment yield was

the highest on prewetted soils for horses followed by
hikers, and overall the horse and hiker differences suggest
that hooves and feet make more sediment available for
removal than wheels on prewetted soils (Wilson & Seney).
These two studies suggest that mountain biking and hiking
are similar enough in the impact on erosion and
sedimentation that there would be adequate multiuse
applications for the ETSU trail system.

Number of Users
The number of users of a trail system affects the
amount of maintenance that will be required for the system
itself.

ETSU’s trail system is currently open to mountain
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biking, hiking, and trail running.
fluctuates throughout the year.

The number of user

However, there are certain

spikes in the number of users that can be detrimental to
the trail and would require maintenance.

The main factor

that gives the trail its most use throughout the year is
the collegiate cycling race.

The race puts close to a

hundred riders on the course, making multiple passes
throughout the weekend.

With this many riders using the

trail system in a short time period, it can cause erosion
to happen quicker, especially in areas on the trail system
that are not built to correct specifications determined by
IMBA and the TDEC.

Figure 2 shows the number of passes on

the ETSU trail system during the collegiate race weekend.
As seen in the figure, the number of riders does not always
equal the number of passes a trail system may endure due to
the length of the trail system.

Because the length of the

cross country loop of the trail is less than 5 miles, many
users will consider using the trail for more than one lap
if using a bicycle.

Predominately, hikers and trail

runners will use the trail for only one or two laps.
Consequently one user puts more strain on the trail because
of repeated uses due to the short length of the trail
system as a biking trail.
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Figure 2. Number of Passes During Collegiate Cycling
Weekend

Another key interest is the number of users on the
trail system daily.

Because it is not feasible to count

the number of users for 24-hour periods, I monitored the
trail for 3 hours at different times on 5 days:

Sunday,

March 16, from 1pm-4pm; Monday, March 17, 3pm-6pm;
Wednesday, March 19, 4pm-7pm; Friday, March 21, 11am-2pm;
Sat, March 22, 2pm-5pm.

The most intriguing result was

that most of the users were on the trail system during the
working week.

Weather would not have been an issue because

all days were sunny with temperatures in the upper 60s to
lower 70s Fahrenheit.
users are bikers.

Table 1 shows that the majority of

This shows the importance of making sure

the trail system follows the IMBA guidelines.
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Table 1.
Number of Riders During Days

Bike
Pedestrian

Sunday Monday Wednesday Friday Saturday
1
2
11
9
3
2
2
7
0
1

These figures are important because they will help the
trail builder know how much use a trail system is going to
have and will weigh heavily on the route and construction
of the trail.

For example, when trail builders at the

Ocoee White Water Center in Ducktown, Tennessee sought to
build a hiking and mountain biking trail system, the number
of users weighed heavily on how the trail system was built.
After interviewing Sherry Hicks, District Ranger of the
trail system there, insight was given on how a trail system
can be built in order to withstand heavy use on a continual
basis.

Hicks stated in her interview that the Ocoee White

Water Center had approximately 360,000 visitors in 2006 and
300,000 visitors in 2007.

Hicks also estimates that 45% of

the visitors use the trails in some manner, hiking or
mountain biking.

With this many users on the trail system,

correctly built trails are of great importance.

The trails

that are most used by visitors are the rhododendron trail
and the Old Copper Road trail.
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These trails are the

closest to the center and are the least demanding and most
user friendly trails at the center.

Both trails are lined

with gravel in order to reduce the effects users have on
the trails.
well.

This also limits the erosion on the trail as

The more difficult trails are located at the top of

a one mile climb just across the Olympic Centennial Bridge.
While this is not a border or a block for users, this does
help to keep the majority of the users of the trail system
on the more armored trails.

ETSU Trail
After examining other trail systems it was time to
examine the ETSU trail system.

ETSU’s rules on maintenance

and trail building fall under the guidelines of the
International Mountain Bike Association (D. Mueller
personal communication, 2008).

So, under these guidelines

the ETSU trail system would be following the same
guidelines as a state or federal trail system, and if
guidelines are followed closely, the ETSU trail system will
be a sustainable trail system.

Similar to state parks, all

new trail designs must be approved before construction.
New trails must be flagged then a representative from
ETSU’s physical plant must ok the proposed trail route
before any dirt can be moved (D. Mueller, personal
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communication).

Measurements of the trail’s tread,

corridor, and depth of the trail were taken every 10th
mile.

The data are concerning the cross country trail

system, which consisted of 4.5 miles.

The location for

each measurement was determined by using a Sigma BC 906
bicycle computer with the circumference set at 2155mm.
Each measurement was taken every 0.1 mile.

Soil texture

was evaluated, along with vegetation present categorized as
grass, forest, or shrub.

The slope of the trail, fall

line, and the degrees the trail is away from the fall line
was determined by using a compass.

The tread at each

location was determined by measuring the exposed earth of
the trail system.

Trail corridor was determined by

measuring the unimpeded area surrounding the tread.

Depth

of trail was determined by measuring the depression of the
trail relative to the surround earth not outside of the
trails corridor.

A final judgment was made concerning

where the section of trail categorized in the four stages
of life described by Spencer (1977).

Data collected can be

found in Tables 3 and 4 of the Appendix.
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Table 2.
Correlation Results Using SPSS

Segment
Segment

1

Fall
Line
Degrees

.455**

Tread
Width

Tread
Depth

Corridor

Stage

Slope
Degrees

Ground
Cover%

-0.054

-0.288

0.163

0.273

-0.213

0.057

1

0.173

0.148

.425**

-0.18

-0.003

.318*

0.135

0.173

1

0.039

-0.086

-0.044

-0.25

-.496

0.163

0.148

0.039

1

-.382*

-0.291

.401**

-0.086

-.382*

0.273

Corridor

Degrees
from
fall
Line
0.135

.445**

Degrees
from
fall
Line
Tread
Width
Tread
Depth

Stage
Slope
Degrees
Ground
Cover%

Fall
Line
Degrees

-0.213

-0.18

-0.044

-0.291

1
.543**

1

-0.248

0.054

-0.003

-0.25

.401**

.564**

-0.248

1

-0.012
.507**

.350*

-0.132

-0.054

.425**

.318*

-0.288
-0.229
*=.05
correlation

-496**
-0.112

-.376*

-.543**

.564**

0.222

-0.012
.350*

0.0112
.507**
-.376*

-0.132
.367*

.367*
-0.247

-0.229

0.222
-0.247

1

-0.031

-0.031

1

**=.01 correlation

Using Pearson Correlation, and by also doing a
principal component analysis, I was better able to
determine what factors have the most impact on the stage of
trail life as stated by Spencer (1997).

Tread depth was

determined as the component with the largest impact on the
stage of the trails life with a value of 0.856. In the
principal component analysis tread width was determined as
the second most important, followed by the fall line
degrees of slope.

Independently correlating the data
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produced data that helped to determine what factors were
positively or negatively related, which helped to determine
which trail factors should be looked at when dealing with
erosion and the trails stage of life.

The main concern was

which variables were most related to the trails stage of
life.

A trail’s stage of life is significant at the 0.01

level with tread width and tread depth.

The trails slope

was found to be significantly correlated with the stage of
life at the .05 level.

In order to slow these factors,

their causes need to be looked at as well.

Tread depth is

correlated at the 0.01 level with the fall line degrees of
slope and is negatively correlated at this level with the
trail corridor.

At the 0.005 significance level tread

depth was related to slope degrees and tread width;
however, the depth was negatively related to ground cover.
Tread width was only negatively related to ground cover at
the 0.01 significance level and was related to tread depth
at the 0.05 significance level.

Preceding data show that

the biggest factor in increasing erosion is the tread depth
of a trail.

Problem Areas of the Trail
Sections of the trail that were considered unstable
were considered to be problem areas.
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These areas were

designated as more than 12 feet of continuous erosion due
to nonsustainable trail tread.

Problem areas of the trail

need the most attention to ensure that the trail system can
sustain continual use by trail users.
exposed tree roots were noted.

Twelve areas with

These areas were designated

as having exposed tree roots for a continual five foot area
or more.

With the trail running through a heavily wooded

area, tree root exposure should be nominal.

Areas of

muddiness were tallied at six; trail widening occurred in
nine areas.

Ruts also occurred in nine areas.

The trail

followed the fall line in 16 areas of the trail, and the
trail intercepted water in nine areas.

Another area of

concern involved maintenance of the trail.

Felled trees

that remained on the trail created alternate trail routes.
Instead of removing the tree from the trail, an additional
trail route was made around the tree.

In the two areas

seen on the trail system the alternate trail cut 10 feet of
new trail in order to maneuver around a blocked area that
consisted of less than two feet of the inplace trail.

In

the second area the trail was cut parallel to the existing
trail following the existing trail 40 feet before
reconnecting to the original trail system.
Many of the trail’s problems can be linked to the
requirement of having to route the trail around existing
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buildings and objects.

Figure 3 shows an area of trail was

routed on a road because of the presence of the ETSU radio
station building and the radio tower.

Figure 3. Trail at Radio Station

Figure 3 shows the problems of this section of trail.
The figure shows how water is directed by the trail system.
At the bottom on the trail ruts have formed in the trail
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due to the increase in the speed of the water as it reaches
the bottom of the hill.

Ruts two inches in depth are cut

into the trail system by the water.

This area of the trail

is located on the fall line, so even though the trail
system is angled in order to remove water from the trail,
the natural flow of water prevents it from making it off
the trail surface.
Efforts have been made to remedy problem areas.
Figure 4 shows a closed portion of trail on the Eastern
section.

Figure 4. Closed Trail
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In Figure 4 one can see the effects of prolonged use
of a trail system built on the fall line.
the trail was closed in April of 2007.

This section of

Even after a year

of ceased use, there is no vegetation on the old trail.
five-inch rut runs down the middle of the trail.

A

After the

trail was closed a new route was instituted using a switch
back.

This helped to solve the problem of the trail

running on the fall line by having the trail descend across
the slope.

However, with the building of the switch back,

new problems have occurred due to the lack of knowledge of
trail design and construction.

According to IMBA

regulations the trails slope should not be greater than 5%
to 10% in the slope of a switchback (Reiter, 2001).

The

turn of the switchback should be a full 180 degrees
completing the entire turn.

As seen in Figure 4 this turn

is a series of two 90 degree turns before the trail routes
itself in the opposite direction.

A measurement taken of

the trail show that the slope of the turn is 25%, which is
far above the 5% to 10% regulation.

The trail descents

24.2 feet down the fall line of the trail before being
directed across the slope of the hillside.

The upper and

lower legs of the trail are within the 5% to 10%
regulation; however, the lower leg is still at a 23% out
slope as it is being directed back across the hill slide.
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Figure 5 shows the construction of the new route.

In order

to level the lower leg of the switchback and tighten up the
turn, a crib wall needs to be implemented.

This will bring

the lower leg up to the upper leg of the switch back.

Figure 5. Switchback One

As seen in Figure 5 the turn is swooping, and the trail has
been made by simply raking the top layer of soil off the

52

surface.

This area is a problem area because it is not

sustainable for both mountain bikers and pedestrian users.
Also, the area is dangerous for mountain bikers because of
the 23% exit slope that can cause accidents for users.
A similar situation occurs on the western section of
trail just behind the Baptist Student Center.

In this area

the trail was rerouted again; however, instead of the trail
being washed away, the trail was rerouted due to the
difficulty of traversing the trail.

The trail was

difficult for riders to ride, and the current route was
causing trail to carve into the slope forming deep ruts (J.
O’hatnick, personal communication, 2008).
the trail is shown in Figures 6 and 7.
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The rerouting of

Figure 6. Switchback Two

As one enters the first switch back as shown in Figure 6
the user is required to make a 90 degree turn on the banked
turn.

The slope of the entry is calculated at a 28% slope

which should be at the IMBA regulation of 5% to 10%.

Also,

the user is required to negotiate the turn while the upper
leg of the switch back is sloped at 29.7%.

Whereas under

IMBA regulations the out slope of the upper leg should be
no more than 5%.
trail design.

Figure 7 shows the results of the poor

Widening of the trail has occurred and a rut
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has formed in the center of the turn due to the
interception of water down the slope.

Figure 7. Switchback Three

The goal of the reroute was to make the trail easier
for users to traverse.

However, this effort was hindered

by resorting to similar methods of creating a switch back
by simply clearing debris on the hillside without making
any structural or design improvements for the trail.

The

initial reroute may have been helpful in decreasing the
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difficulty of the trail; however, this design has opened
the trail up to erosion factors not only from users but
also from the weathering.

The upper leg of the trail meets

IMBA requirements; however, there is not a full 180 degree
turn, which again is the major problem with the three major
sections of trail using switch backs to descend and ascend
hillsides.

From the upper leg to the lower leg of the

switch back the trail descends 7.4 feet.

This descent

follows 32.5 feet of trail located on the fall line at a
23% slope.

Again, the same design flaw as the previous two

slopes, the descent should be no greater than a 10% slope
and the lower leg of the trail should be elevated using a
crib wall in order to level the turn to a 2% to 5% out
slope.
The final area of concern noted on the ETSU trail
system is the entrance and exit of the trail into the
parking lot on Southwest Avenue.

This section of trail is

often used for the downhill event of the collegiate cycling
circuit.

As seen in Figure 8, the trail falls into the

category of muddiness.
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Figure 8. Muddiness at Exit

The muddiness of the trail is a result of an
underground spring that connects to an adjacent creek below
the trail.

The muddiness has contributed to widening of

the trail and also a syncline in the surface of the trail
that aids in the collection of water and increases the
muddiness of this section of trail.

A remedy to this area

of the trail would be to have the trail continue across the
slope of the trail instead of continuing on the road bed on
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which this part of the trail is currently located.

Another

resolution would be line this area of trail with a soil
stabilization material that would hold the soil in place.
As seen in the previous paragraphs, the majority of
the design flaws of the ETSU trail system revolve around
the trail lying on the fall line of the hillside.

Many of

these issues are a result of limited land space and having
to negotiate around building structures.

However, many of

these areas are the results of trail designers choosing the
quickest way from point A to point B.

Some areas of the

trail can not be avoided as in the case of Figure 9.

The

gravel road that leads the service vehicles to the campus
water tower blocks the course of the trail routing it along
side.

The adverse effect is the runoff from the gravel

road that is intercepted by the trail.

Intercepted water

is directed down the trail that is being supported by
fallen timber, leaving the water no exit path and causing
the water to gather speed down the trail, removing soil
from the trail tread.

A simple way to resolve the problem

would be to use a water bar to direct the water off the
trail before it reaches the down slope area and to remove
the timber that is being used as a stabilization device and
would allow the trail to be out sloped in order to sheet
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water across the trail instead of channeling the water down
the trail.

Figure 9. Trail at Water Tower

Summary
The information presented in this chapter serves to
depict the current situation in regards to the trail
design, construction, and use of the East Tennessee State
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University trail system.

Findings of this study show major

design flaws in the construction of the trail system that
prevent the trail from being a sustainable trail system.
Hikers and mountain bikers use the trail system; however,
the mountain biker use is greater than hikers as shown in
the findings.

A trail system designed for both pedestrian

and biking users can be designed in such a way in which
both users provide minimal erosion wear on the trail
system.

Alternatives must be employed in order to provide

a sustainable trail, to keep maintenance at a minimum, and
eliminate the need for multiple reroutes.
Based on the data, trail design along with the effects
of users play major roles in erosion and sedimentation.
The major objective of this study was to identify areas of
the East Tennessee State University trail system affected
by erosion and sedimentation and offer recommendations for
solving these problems.

In chapter 5 this study has shown

how to achieve this goal by the discussion of
recommendations for construction and development of trail
design improvements for East Tennessee State University
trail system.
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CHAPTER 5
DISCUSSION
As shown by the previous chapters, the East Tennessee
State University trail system is an important feature on
campus for many students and community residents in the
area.

However, structural design flaws increase the impact

trail users and natural weathering processes have on the
trail system.

The five-mile cross country trail is only

open to the two users, pedestrians and bikers. Chapters 2
and 4 showed that these two users impact a trail system at
a similar rate.

The trail system’s corridor in itself is

not large enough in all areas to allow users other than
pedestrians and bikers.

Also, the trail system crosses

Southwest Avenue which could become dangerous for
motorcyclists or horses.

Correlations of factors from

Tables 3 and 4 where stated in Chapter 4.

However negative

correlations were produced in which the correlations
produced results that were inversely related.

Some of

these factors can be explained through qualitative
observances.

There was a negative correlation with tread

depth and trail corridor.

It is interpreted that as the

corridor shrinks the tread depth grows, which supports the
idea that the users are focused on a smaller area of
exposed ground increasing compaction.
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A negative

correlation was also found between ground cover and tread
depth showing that more vegetation cover can help slow the
rate a trail will erode.

The calculations showed that

tread depth is the biggest factor in the life of the trail.
With these results trail builders should look at the
contributing factors shown in Chapter 4 to help lower the
depth of tread and bring the tread closer to the level of
surrounding earth and vegetation.

Negative results for

correlation of tread depth and trail corridor indicate that
future study should be conducted on the relationship
between the two.
Soil type is also important.

Anticipating what soil

types one encounters during trail building can help in
developing sustainable trails (Reiter, 2001).

Three major

soil types pertaining to trail building are sandy soil,
clay soil, and loamy soil.

The East Tennessee State

University trail system has areas of both clay and loamy
soils.

Clay soils are very moldable and durable, yet they

do not drain very well (Reiter).

Loamy soils are

considered to be the most ideal soil for trail building
because they drain well, hold together well, and are easy
to work with (Reiter).

Knowing the soil type helps a trail

builder determine the water-holding capacity, drainage
rate, compactability, and susceptibility to erosion by
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water (Brady & Weil, 1999).

Knowing the type of soil also

makes a trail builder more apt to make the right decisions
in building a sustainable trail.

Given there are two soil

types on the trail system, there should be structural
designs in the trail according to the soil type that would
decrease natural erosion along with accelerated erosion due
to users.
Because the trail system is located in an area that
receives more than 40 inches of rain yearly, the impact of
water’s effect on the trail should be a high priority as
well as the effects of the users.

Many problems of the

trail system are in direct correlation with the building
structures on campus.

These obstacles provide hindrances

in the flow of the trail and the potential routes available
to a trail designer.

Campus structures are a problem in

the trail system, yet this is a mild annoyance in exchange
for having a trail system on campus.
have trail systems located on campus.

Many campuses do not
During the course of

the 2007 collegiate cycling racing season in the South
Eastern Collegiate Cycling Circuit (SECCC) only two schools
were able to host all collegiate cycling events on campus
grounds, East Tennessee State University was one of the two
schools.
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Remedies to control user impact on trail systems such
as armoring more frequently used areas of the trail that
were used by the Cherokee National Forest on the Ocoee
Olympic Center recreational area are good ideas.

However,

armored trails are usually wide and flat, which would not
accommodate the trail system at ETSU.

Armoring specific

sections or trail would make more sense for the trail
system.
The Dual Slalom course and the Downhill course were
left out of the study.

These areas are completely downhill

areas of trail, in the case of the slalom course it allows
the opportunity for two users to race against each other
simultaneously.

I believe these were good ideas because

they catered to the trail users in the area.

I do not

believe an armored flat trail is what many avid campus
users would be inclined to use.

The slalom course was left

out of this study because it is a groomed trail, which
would be more categorized as a motocross type trail in
which it is redesigned every 6 months to a year.

Jumps and

landings are demolished and rebuilt to change the
difficulty and to keep the trail attractive for repetitive
users.

Along with the downhill course, slalom course is a

directional course in which there is only one direction of
travel permitted on the course.
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The trail system is open to East Tennessee State
University faculty, staff, and students as well as the
general public.

With the shortness of the trail system

being only five miles, this can lead to multiple passes on
the trail system by one user as shown in the results from
the collegiate race results from September 2007 illustrated
in Chapter 4.

This, in turn, raises the impact a single

user may have on the trail.

The effect of users on short

trail systems could be a future area of study.

According

to David Mueller of Campus Recreation most maintenance and
trail work is done by volunteer workers and the East
Tennessee State University Cycling Club (D. Mueller,
personal communication 2008).

Whereas the students are

helping to finance the trail system through tuition,
community members are able to use the trail system for
free.

Many users drive to the trail access areas and park

without an ETSU parking pass.

In order to help fund some

of the trail maintenance, a parking permit should be made
available for community members to purchase. Proceeds from
this could help fund operation costs associated with the
trail system.
key issue.

Maintenance of the trail system should be a

If the trail is routinely maintained, it will

help end illegally built trails due to events such as
fallen trees, and this would also help to deter illegal
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spurs because an individual or group would be monitoring
the trails.

Fallen trees and the negligence of maintenance

on the trail system have produced two undesirable side
trails that could have been eliminated if an individual or
group was in place to maintain the trail system.

Other

ideas would be to make sure that all trail workers are
knowledgeable in IMBA trail building guidelines.

Discussion of Problem Areas
Many of the problem areas are the result of the trail
being located on the fall line that accelerates the erosion
on the trail far beyond that of the user.
remedy for these areas is a trail reroute.

The ultimate
However, many

of the problem areas stated in Chapter 4 only need to be
moved a few feet.

Other solutions for these areas are to

institute water bars.

In the case of Figure 3 (Chapter 4),

the vehicular access road used for part of the trail system
can not be moved because it offers service vehicles access
to the radio tower.

One way to divert water off the

service road is to build a water bar near the middle of the
slope in order to direct water off the road surface before
it gathers enough speed to cut into the trail tread, which
produces ruts.
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The next two areas shown in Figures 5, 6, and 7 are
all related to the design of a switchback.

Felton (2004)

states that a switchback is the largest project to
undertake.

This holds true on the ETSU trail system.

The

three switchbacks located on the ETSU trail system are
nothing more than the removal of the top layer of soil on
the hillside.

Design and construction of switchbacks that

follow the guidelines of the International Mountain Bike
Association are absolutely necessary to produce a
sustainable and safe trail for bikers of all skill levels.
Figure 3 in Chapter 4 shows how long a trail system needs
to heal and that reroutes need to be a minimum.

The

section of trail has not been traversed by users in over a
year, yet it still shows deep erosion scaring on the
hillside.

Sections of trails closed for rerouting should

not be merely forgotten, and attention should be brought to
closed trails to reconstruct them.
Muddiness is another concern on the trail system.
Figure 8 in Chapter 4 shows the area at the bottom of the
downhill course and the end of the cross country course.
These two areas of trail overlap each other here; this
section of trail is located on an old road bed that used to
support many of the old cross training fitness areas of the
old trail system, which is assumed the reason for the wide
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area of trail.

Rerouting the trail is an option; however,

this area of trail would still remain due to the current
road bed.

Rerouting would create another problem area due

to the spring.

The best course of action would be to

install a soil stabilization material such as a burlap mat
in order to hold soil material in place.

This would not

deter users from going around the area, though I do not
believe widening of the trail would be an issue because the
area was formerly a road bed.
The final area of concern was the area of trail that
runs along the access road up to the campus water tower
illustrated in Figure 9 of Chapter 4.

This area of trail

is intercepting water off the service road and directing it
down the trail.

This is another area affected by the

building structures on campus.

Adding to the water system

is the logs used to help stabilize the trail tread.

Logs

are often overused in order to stabilize a trail and in
this case they cause the trail to form a channel instead of
allowing the water to sheet-flow across the trail system,
which is the purpose of an out slope on a trail system.
Removal of the logs would allow water to escape, but water
should be directed away from the trail system.

Another way

of interpreting the problem is the trail opens up to the
service road and if the trail stayed parallel it would not
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have an opportunity to intercept water flow.

A reroute of

the trail would route the trail far enough away that
vegetation would minimize the amount of water that reaches
the trail system.

Both options would be viable in helping

to control water interception, though the rerouting of the
trail would be more time and resource consuming.
Overall, East Tennessee State University’s trail
system is a well-designed multiuse recreation area.
However, poorly designed sections of trail become a hazard
to users, and the degree of hazard grows through continual
use, either by trail users or natural weathering processes
such as fluvial erosion.

Structures are obstacles that

trail designers and builders must acknowledge when
designing new trails, yet the proximity of the trail is
what allows for easy access to ETSU students and local
community members.

All areas that are considered problem

areas are fixable through following proper procedures
endorsed by the International Mountain Bike Association.
With the improvements to these areas, it will increase the
sustainability of the trail system and the ease of users to
traverse the trail system.

After analyzing and evaluating

the remedy options recommended for the different
situations, recommendations for the trail system are
presented in Chapter 6.
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CHAPTER 6
SUMMARY AND RECCOMENDATIONS
Trail design and construction plays a major role in
erosion and sedimentation of a trail system along with
natural erosional processes and the trail users themselves.
Thus, implementing a plan for maintenance and construction
is a requirement for the sustainability of any trail
system, including that at East Tennessee State University.
The increasing population at ETSU and in surrounding areas
is a concern because users will accelerate erosion on a
trail if sustainable construction techniques are not
followed.

Once trail users incise ruts in a trail, the

problem of trail erosion is exacerbated because both the
users and natural erosional processes like sheet and gully
wash during periods of rainfall will accelerate the rate at
which gullies are incised. This study was based on the
premise that identifying problem areas on the ETSU trail
system due to erosion as a result of improper trail
construction technique would aid in the decision-making
processes of trail maintenance. If the recommendations of
this study are followed, the sustainability of the trail
system will be improved.

Increased user traffic may also

be accommodated.
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The primary objective of this research has been to
identify the areas with erosion damage as a result of trail
design and determine the best course of action to take in
correcting the problem in each section of trail so it will
become a sustainable trail system.

Major subobjectives

have been to analyze the development of other trail systems
in the East Tennessee area that are under government
guidelines or have been instituted by the International
Mountain Bike Association.
The information presented in Chapter 4 served to
confirm that there is a problem on the ETSU trail system
due to construction techniques.

This information

identified construction inefficiencies, planning dilemmas,
and the effects of users on the trail system.

This

information, in turn, was used to develop the set of
recommendations discussed in Chapter 5.
Several alternative solutions were discussed in
Chapter 5 for the identified problem areas of the ETSU
trail system.

The recommendations of reconstruction of the

specific areas is the most appropriate rather than a total
rerouting of the areas due to expense and time that would
be needed to remedy each area.

All areas mentioned can

conceivably be remedied by trail maintenance of the areas.
It was also recommended to have a person or group in charge
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of maintenance and construction.

This person or group is

vital for the continued sustainability of the trail system.

Recommendations for Further Study and Research
It was concluded in this study that further
investigation and research are needed on the impact of the
increasing number of users on the trail system.

Further

study is needed to fully understand the total capacity the
ETSU trail system.

Additional investigation is needed to

determine the relationship between trail corridor and trail
depth.

Finally, upon implementation of recommended

actions, analysis should be made on the improvements to the
sustainability of the trail system in the corrected problem
areas.
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APPENDIX
Table 3.
TRAIL DATA A

Segment
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Soil
Type
Sandy
Clay
Sandy
Clay
Loamy
Loamy
Loamy
Loamy
Loamy
Clay
Loamy
Clay
Sandy
Clay
Sandy
Clay
Clay
Loamy
Clay
Sandy
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Loamy
Clay
Clay
Loamy
Clay
Sandy
Clay
Clay
Loamy
Clay
Loamy
Clay
Loamy
Clay
Clay

Vegetation

Ground
Cover %

Slope
degrees

Fall
Line
Degre
es

Degrees
from
Fall
Line

Grass

80

5

10

88

Forest
Forest
Forest
Forest
Forest

80
80
80
40
40

10
2
5
0
2

10
10
15
12
14

0
80
82
82
72

Forest

80

2

16

90

Forest

40

14

18

12

Grass

80

0

0

0

Grass
Grass

80
80

0
10

8
10

88
0

Forest

80

20

4

80

Forest
Shrub
Grass
Grass
Grass
Grass
Forest

80
40
80
80
80
80
80

20
18
16
4
0
4
4

20
22
16
10
10
4
22

0
50
0
76
90
0
80

Forest
Forest

40
80

0
18

12
24

46
84

Forest

30

16

30

30

Forest
Forest

40
40

2
6

10
10

84
70

Forest

40

4

18

82

Forest

40

4

12

90

Forest
Forest

80
40

0
16

0
16

0
0
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Segment
2.9
3
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4
4.1
4.2
4.3
4.4
4.5

Soil
Type
Loamy
Clay
Loamy
Clay
Clay
Loamy
Clay
Loamy
Loamy
Road
Road
Loamy
Clay
Loamy
Loamy
Clay
Loamy
Clay
Loamy
Clay
Loamy
Clay
Loamy
Clay
Clay

Vegetation

Ground
Cover %
40

10

14

40

Forest
Shrub

80
80

6
10

22
10

80
10

Forest
Forest
Forest
Road
Road

40
40
40

20
2
2

20
12
10
Road
Road

0
90
90

Road
Road

Road
Road

Road
Road

Forest
Forest

40
30

0
5

20
22

90
90

Forest

40

2

10

90

Forest

30

10

30

50

Forest

40

6

20

60

Forest
Forest
Shrub
Grass

80
80
80
80

4
2
4
10

30
22
30
16

90
90
70
30

TRAIL DATA B

Segment
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Degrees
from
Fall
Line

Forest

Table 4.

Tread
Width
inches
8
24
20
24
28
40
28
24
31

Slope
degrees

Fall
Line
Degre
es

Tread
Depth
inches
0.5
3
2.5
2
2.5
0.5
1.5
1
0.5

Corridor
inches
168
156
72
120
64
144
108
120
60

Stage
1
1
1
1
1
1
1
1
1
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Segment
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4
4.1
4.2
4.3
4.4
4.5

Tread
Width
inches
21
12
12
27
22
9
8
9
12
24
31
28
31
36
42
18
32
21
30
24
24
21
54
44
48
Road
Road
24
20
18
24
26
18
21
38
7

Tread
Depth
inches
0.5
1.5
1
2.5
3
1.5
0
0.5
1
2.5
3
3.5
2.5
2.5
3
2
3
1
3
2
1
2.5
4
1
2
Road
Road
2.5
1.5
2
3
3
3
2.5
1
1.5

Corridor
inches
168
168
48
60
108
168
168
168
168
72
60
60
84
72
78
120
84
72
64
72
60
60
84
144
144
Road
Road
60
94
96
84
96
72
60
144
168

Stage
1
2
1
1
2
1
1
1
1
1
2
2
1
2
2
1
2
1
2
1
1
2
3
1
1
Road
Road
1
1
1
1
1
1
1
1
1
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